Abstract: Considerations associated with inversion of hi-static reverberation and scattering data from a three dimensional space are discussed. The Scattering and Reverberation from the Bottom (SCARAB) acoustic propagation and scattering model has been the kernel for the study. This model considers three dimensional, non-plme wave, range independent acoustic signals in botb mono and hi-static source receiver configurations. Due to the computationally expensive problem of computing a reverberative field that includes many hybrid acoustic paths, and the iterative nature of the inverse process, inversion for seabottom properties requires highly effective search parameter space reduction and algorithm optimization. The parameter space reduction and the use of simulated annealing and genetic optimization algorithms are discussed.
TRODUCTION
Modern understanding of the physics surrounding acoustic scattering from rough surfaces and inhomogeneous substances is only now finding its place in operational models associated with seabottom scattering. The creation of the Scattering and Reverberation from the Bottom (SCARAB) model has introduced physics based scattering theory to non-plane wave operational modeling.
This paper addresses the inversion of the SCARAB model for the purpose of determining seafloor scattering parameters.
These parameters describe the dominant mechanisms behind water-sediment interface, sediment-basement interface and sediment volume scattering. Inverse determination of the scattering parameters has been achieved successfully using a simulated annealing simplex optimization algorithm.
As of the creation of this paper, only the scattering parameters describing the water-sediment rough interface have been investigated using the inverse technique.
To date very good agreement has been found bet ween measured scattering data and the model result.
BACKGROUND
Modeling of acoustic scattering from the seabottom has been revisited in the last several years by acoustic modelers in the effort to interject realistic physics based bottom scatter algorithms into their models.
Formerly, models employed such expressions as Lambert's Law and experimentally derived results as Mackenzie's 10log(~) = -27 dB.
[1] Such methods of modeling are restrictive in that their extrapolation to measurable phenomena is near impossible.
Therefore the push for the incorporation of modern scattering theory into operational models was initiated, SCARAB is one result of these efforts. SCARAB is a hi-static, non-plane wave model that for a threedimensional ocean environment computes the received level for a given source and receiver configuration.
From the received level SCARAB finds the acoustic scattering strength by following the same processing techniques used to evaluate actual measured data. This results in processing consistency that is required for accurate forward and inverse modeling. The acoustic propagation model is ray based and range independent.
In the model three scattering mechanisms are examined: the water-sediment interface, the sedimentbasement, and the sediment volume. The contributions from each may be examined separately or combined to evaluate measured reverberation or scattering data. Rough interface scattering is modeled using the composite roughness scattering kernel developed at the Applied Physics Laboratory at University of Washington (APL-UW) and the sediment volume evaluated with a spectrally based scattering model developed at the Rosenstiel School of Marine and Atmospheric Science at University of Miami (RSMAS-~).
[2,3] These scattering kernels are founded upon the spectrum of the dominant features of the physical scattering mechanism. On a rough interface this is the two-dimensional spectrum of the interface relief and for sediment volume it is the three-dimensional spectrum of the impedance inhomogeneity within the volume. These spectral kernels, though not as simple as an empirical expression, are physically realizable.
WERSION RESULTS
The Inverse SCARAB model (ISCARAB) utilizes a simulated annealing simplex search optimization scheme to aggressively find the global minima of a solution surface evaluated using the reduced chi-squared error estimate. Comparisons between measured data and ISCARAB modeling results using this method have shown very good agreement.
As of the release of this paper, comparisons have been made using synthetic and measured acoustic backscattering data. The measured data is from the Quinault Range and was collected by APL-UW. Scattering at this site is largely due to rough water-sediment interface scattering. When evaluating scattering at a rough interface only, the ISCARAB model requires only two scattering parameters to be manipulated. These are the spectral descriptors: spectral exponent and spectral intensity, y and o respectively.
In the case of synthetic data we know the values of y and w. Therefore, we have a measure of the accuracy of the inverse method being used. SCARAB and ISCARAB contain the option of generating reverberation and scattering resulting from only one of the scattering mechanisms and this was utilized to compare our synthetic data case with the inverse model result for the water-sediment interface scattering. Values for y and w were comparable to within 0.26% and 3.1 Yorespectively and the reduced chi-squared fitness test between the inversion result and the measured data was found to be X2 = 0.000579; a perfect fit is X2= 0.0. The reduced chi-squared solution surface for y and o is shown in figure 1 . Note the contours collapsing about the solution y= 3.5 and w = 0.00422.
At the Quinault Range site the Naval Research Lab (NRL) in cooperation with APL-UW collected extensive bottom geoacoustic information including performing stereo photography to determine the twodimensional properties of the water-sediment interface.
Comparisons between the measured backscatter and the ISCARAB result have shown values for y and w when compared with those obtained by NRL to be within 0.279. and 9290 respectively.
The reduced chi-squared result was found to be X2 = 3.097. The value obtained using the stereo photography values is X2 = 8.19. Figure 2 shows the model to data comparison for this site. The evolution in the near future of the ISCARAB model to evaluating bottom reverberation and scattering from the sediment-basement interface and the sediment volume will increase the number of parameters being searched for to as many as seven. This will increase the computational effort resulting in an understanding of the effectiveness of the inverse method being used. Other methods, such as genetic algorithms or the Marquardt method, will be evaluated if the simulated annealing proves ineffective or exceedingly computationally expensive.
